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BIOLOGICAL BULLETIN 


THE INTERNAL PHENOMENA OF REPRODUCTION 
IN DROSOPHILA. 


JOSE F, NONIDEZ, 


CARNEGIE INSTITUTION OF WASHINGTON, STATION FOR EXPERIMENTAL 
EvoLuTion. 


The present paper is limited to a description of the internal 
phenomena of reproduction in the vinegar fly Drosophila melano- 
gaster, comprising under this title the ejaculation of the sperm 
by the male, its storage in the seminal receptacles of the female, 
and the discharge of the spermatozoa from the latter, at the time 
of the fertilization of the eggs. 

The work was carried out in the Marine Biological Laboratory 
at Woods Hole during the summer of 1919 at the suggestion of 
Professor T. H. Morgan, to whom I am indebted for advice and 
helpful criticism, also for valuable information gathered by him 
in his attempts to bring out artificial fertilization in this fly. An 
obstacle in the study of the experimental fertilization in Droso- 
phila is the high sensitiveness of the spermatozoa to the action of 
fluids foreign to the body; they are easily injured and killed 
when placed in mixtures which do not exert noxious effects on 
the sperm of other animals, unless the spermatozoa are kept in 
such fluids for a long time. Although I tried repeatedly to elim- 
inate this obstacle by the use of several called “indifferent” 
fluids, it was impossible to keep the spermatozoa active beyond a 
few minutes. 

During these experiments I gathered interesting data on the 
normal reproduction of Drosophila, in which, owing to the small 
size and transparent condition of the internal generative organs, 
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it was possible to observe the contents of the extirpated uterus 
and seminal receptacles of the fertilized fly in the living condi- 
tion. These organs were kept under direct observation for some 
time, and the entrance of the spermatozoa into the receptacles 
and the position of the egg within the uterus were seen directly 
instead of having to be inferred from series of sections taken at 
different stages in these processes. Sections have been used as a 
means of checking up the results obtained by direct observation. 

Drosophila has thus provided almost unique material for the 
study of the internal phenomena preceding normal fertilization 
in insects, for besides the facts just mentioned, the mating of a 
considerable number of flies can be easily brought about at any 
desired time. 

1. TECHNIQUE. 


The wild stock of Drosophila melanogaster was used through- 
out the work. Virgin females isolated shortly after hatching 
were mated to males of the same generation three or four days 
after isolation. The matings were accurately timed in every case. 

The flies were either etherized or killed by a preserving fluid 
while in copulation or as soon as this was finished. In the first 
case the observations were made on the living genitalia, these 
organs being dissected out under a binocular microscope in a drop 
of Ringer’s fluid or normal salt solution, after which they could 
be observed with a high power microscope. In order to follow 
the path of the spermatozoa into the receptacles and observe the 
position of the egg within the uterus, no cover glass was added, 
and in this way any pressure which might interfere with the first 
process or crush the egg was avoided. If a cover glass is used 
and gently pressed down with a needle, the ventral receptacle, 
normally coiled, will straighten and its contents may be easily 
observed under high power, the spermatozoa being readily de- 
tected when present. 

The flies which were preserved were embedded in paraffin and 
cut into sections. The specimens were always dropped alive in 
the following fluid, after the formula of W. Docters van 
Leeuwen :* 


1 Zool. Anz., Bd. 32, 1908. 
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This fluid kills instantly and penetrates very well; but the 
preservation obtained is poor for cytological purposes yet good 
enough for histological study. The abdomens of the flies were 
cut off from the rest of the body while in the fixative, then trans- 
ferred to 95 per cent. alcohol and cleared with cedar oil, after 
dehydration with absolute alcohol. Sagittal sections were used 
almost exclusively and were stained with Delafield’s hematoxylin 
and eosin. 


2. THE MoRPHOLOGY OF THE INTERNAL GENERATIVE ORGANS. 


The internal generative organs of Drosophila are much like 
those in other flies. In the female they show certain character- 
istics absent or feebly developed in other diptera.? 


Male. 


The testes (Fig. 1, ¢t) are two tightly convoluted tubes of 
orange or yellow color, which communicate with the vas deferens 
(d) by means of rather short, paired ducts, the vasa efferentia 
(v). The latter are swollen in their initial portion and probably 
store the ripe spermatozoa before they are discharged into the 
vas deferens. The vas deferens is a long duct, much swollen in 
its anterior section, tapering gradually towards its termination 
at the side of the ejaculatory sac (s). Its walls are highly con- 
tractile. 

The ejaculatory sac is a curious structure which deserves spe- 
cial mention since it plays an important role in the ejaculation of 
the sperm. It acts as a pump and drives the sperm through a 
narrow ejaculatory duct (¢) which has stiff walls lined internally 
with a tough cuticle. The sac can be regarded as an outpocketing 
of the ejaculatory duct, since it is also lined internally with a 
cuticle, but its cavity has been cut off from the lumen of the duct 
which is in communication with the vas deferens through an en- 


2So far as is known to the writer, the occurrence of a. ventral seminal 
receptacle has never been mentioned in any of the Diptera. Cf. Berlese, 1909. 
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larged portion (Fig. 2,:c) placed against the proximal surface 
of the sac. The whole organ may be compared with two kidney- 
shaped hollow bodies fused along a sagittal plane, their cavities 
being confluent. The single cavity thus arising is lined with a 
thin cuticle produced by the columnar epithelium (w) which 





Fic. 1. Male generative organs of Drosophila melanogaster, ventral view. 
d, vas deferens; e, ejaculatory duct; p, penis; pr, paragonia; s, ejaculatory 
sac; t, testes; v, vasa efferentia. 


forms the walls of the organ, and contains a highly refractive, 
thick fluid (f) secreted by the epithelium. This fluid is scanty in 
young flies, a small amount being present in those just hatched. 
It is entirely separated from the outside since the cavity in which 
it is contained has no outlet. In the proximal surface of the sac 
the cuticle secreted by the epithelium is thickened to form a plate 
bearing a rod-shaped sclerite (s) which projects freely into the 
body cavity. The sclerite is connected with the outer walls of 
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the sac by means of powerful muscle fibers (m) which form a 
cone, the axis being determined by the rod. 

The enlarged portion (c) connecting the vas deferens with 
the ejaculatory duct borders the rod-shaped sclerite forming a 
crescent and therefore is not pierced by it, as inspection of Fig. 2 
might lead one to suppose. As the sclerite is a projection from 
the plate mentioned above, the latter forms a considerable part 
of the wall of the cavity contained in this enlarged portion, 
which collects the sperm coming from the vas deferens. 

The mechanism that drives the sperm through the narrow 
ejaculatory duct appears to be very simple but highly efficient. 





Fic. 2. Diagram of the ejaculatory sac based on the study of sections and 
on the observation of the fresh organ. The sac has been represented as cut 
along the sagittal plane. c, cavity connecting the vas deferens, d, with the 
ejaculatory duct, e; f, fluid contained within the sac; m, muscle fibers; s, 
sclerite; w, epithelial wall of the sac. 


Upon contraction of the muscle fibers connecting the sclerite 
with the walls of the sac, the thick plate at the base of the rod- 
shaped sclerite sinks into the cavity of the sac, compressing the 
fluid therein. At the same time the portion connecting the vas 
deferens with the ejaculatory duct is expanded, the partial 
vacuum thus produced causing the sperm in the former to flow 
into its cavity. The relaxation of the muscle fibers aided by the 
elasticity of the fluid contained in the sac brings the plate of the 
sclerite to its original position, and as a result the sperm in the 
cavity is driven out under pressure through the ejaculatory duct. 
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The return of the sperm into the vas deferens seems to be pre- 
vented by the partial or total closure of the orifice of commu- 
nication. 

The thick fluid within the ejaculatory sac is not poured into 
the duct ; in flies killed during copulation or shortly after, no loss 
of fluid could be observed. On the other hand, the spermatozoa 
do not penetrate the cavity of the ejaculatory sac, as proved by 
the study of sections of flies killed during ejaculation. .In these 


Ss VEZEB 
RS wz 
we Sr ; ia s ‘A Sz 


Fic. 3. Female generative organs, ventral view. d, oviducts; d’, azygos 
oviduct ; 0, ovaries; p, parovaria; s, spermathecae; u, uterus; u’, vaginal por- 
tion of the uterus; v, ventral receptacle, represented as uncoiled in this figure. 


the sac appears filled with a coagulated homogeneous fluid, while 
in the portion of the vas deferens and ejaculatory duct nearest 
to the organ several bundles of spermatozoa could be seen. 

The only accessory glands present in the male are the so-called 
paragonia (Fig. 1, pr), also termed seminal vesicles in spite of 
the fact that spermatozoa are rarely or never found in them. 
They are two large sacs which open into the vas deferens, their 
openings being placed a little below those of the vasa efferentia. 
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They contain a dense, sticky fluid in which float abundant re- 
fractive granules of unequal size. This fluid is mixed with the 
spermatozoa at their entrance into the vas deferens and forms 
the liquid part of the ejaculate. 


Female. 


The ovaries (Fig. 3, 0) are connected by means of short paired 
oviducts (d) with a single azygos oviduct (d’) which opens in 
the anterior end of the uterus (~). The latter is a sac with 
highly muscular walls, lined internally by an epithelium of cubical 


Fic. 4. Cross section of the vagina, showing the irregular lumen and the 


papille in which the epithelium is thrown. 6, basal portion of the epithelium 
containing the nuclei; e, fibrillar portion; c, cuticle. 


cells, which secretes a thin cuticle. Two distinct regions can be 
recognized in this organ: a distal region or uterus proper (Figs. 
3 and 9, «) and a proximal region or vagina (u’) in which the 
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epithelium is highly modified, the thin cuticular lining being 
much thicker and thrown into a few very distinct ridges (Fig. 4, 
c). The anterior end of the uterus forms a pouch (Fig. 5, a) 
capable of great distension; its walls are thrown into irregular 
foldings which in sections appear as papilla. The oviduct opens 
dorsad to this pouch by a wide opening (Fig. 5, d). 

The female of Drosophila differs from that of most of the 
other flies in the presence of an unpaired seminal’ receptacle 


Fic. 5. Sagittal section of the anterior portion of the uterus in a virgin fly. 
a, anterior pouch; d, oviduct; », duct of one of the parovaria with 9’, its 
opening in the dorsal wall of the uterus; s, duct of one of the spermathecea, 
with s’, its opening into the uterus; u, uterine cavity; v, ventral receptacle 
with wv’, its opening into the uterus. 


placed in the ventral surface of the uterus (Fig. 3, v) and by the 
existence 6f two smaller receptacles or spermathece (s). Otcca- 
sionally three spermathece occur and this condition seems to be 
normal in many of the diptera (Berlese, 1909). 

The spermathece (Figs. 3 and 9, s) open into the dorsal wall 
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of the anterior portion of the uterus by means of two narrow 
openings, placed close to each other. They are mushroom-shaped 
bodies whose terminal cavity is lined by a hard cuticle of brown 
color (Fig. 6, c’) secreted by the epithelium (¢) forming the 
walls of the organ. They are connected with the uterus by nar- 
row ducts which on account of circular ridges present in their 


Fic. 6. Diagram of a spermatheca. c, cavity lined with the brown cuticle 
c’; d, duct of the spermatheca; e, epithelium. 


cuticle closely resemble trachee. The circular ridges.of the distal 
portion of each duct bear processes resembling stiff hairs which 
are directed towards the openings of the ducts (d) into the uterus. 

The ventral seminal receptacle (Figs. 3 and 9, v) is a long con- 
voluted tube which opens into the anterior portion of the uterus, 
immediately dorsad to the anterior pouch (Fig. 5, v’), between 
the latter and the oviduct. The lumen of this tube is very narrow 
in its proximal portion, gradually expanding and becoming nar- 
row again in the distal or free portion of the organ. In the 
normal position the tube is tightly coiled and is placed at the ven- 
tral surface of the uterus, immediately above the anterior pouch. 
The lumen is lined with a cuticle produced by an epithelium of 
cubical cells. 


The size of the ventral receptacle varies a good deal according 
to the species ; in Drosophila obscura it is shorter and wide, while 
in D. virilis it attains an enormous length. 

A sagittal section of the anterior portion of the uterus (Fig. 5) 
shows that the opening of the ventral receptacle (v’) is placed a 
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little nearer the vagina than the openings of the spermathecz 
(s’), and this position seems to have some relation to the entrance 
of the spermatozoa into the receptacles and their discharge at the 
time of fertilization. 

Besides the organs described there are two other organs (Figs. 
3 and 9, ») which correspond in structure with the so-called 
parovaria in other forms (Lowne, 1893). These organs are ob- 
viously glands; they possess a cavity filled with a colloidal fluid 
containing minute refractive granules. They are connected with 
the anterior portion of the uterus by means of ducts, which open 
near the orifices of the spermathece (Fig. 5, p’). The walls of 
the parovaria are made up of large cells which contain round 
nuclei and a peculiar structure, described in Calliphora by Lowne 
and erroneously interpreted by this observer as a future egg. 

In virgin females the wall of the uterus collapses, the lumen 
being quite narrow and irregular. 


3. THE EJACULATION OF THE SPERM AND ITS ENTRANCE INTO 
THE SEMINAL RECEPTACLES. 


The observation of the living uterus and the study of sections 
of flies killed at different periods during mating showed that the 
ejaculation of the sperm usually takes place about nine or ten 
minutes after the beginning of copulation. 

Female flies killed immediately after the ejaculation of the 
sperm showed that, although most of the spermatozoa seemed to 
be motionless at this time, they occasionally exhibit faint un- 
dulatory movements. If they do not move freely it may be be- 
cause the mass of spermatozoa is subjected to the pressure exerted 
by the walls of the uterus or possibly to a considerable extent 
because of the viscid condition of the fluid portion of the ejacu- 
late. But it is evident that they are at least potentially active, as 
shown by their behavior in later stages. 

It was not possible to study the movements of the spermatozoa 
when outside of the uterus, the fluids foreign to the body causing 
at first a decrease in their activity, followed by their death. I 
have dissected flies in several fluids such as tap and distilled 
water, normal saline solution (0.5 per cent.), Ringer’s fluid (cold- 
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blooded), I per cent. solution of potassium citrate, and I per 
thousand solution of sodium hydroxide. All of these fluids in- 
jure the spermatozoa more or less rapidly, and fail to keep them 
alive beyond two or three minutes. On acount of the small size 
of the flies it was not possible to obtain body plasma in sufficient 
amount to tease the uterus in it and observe the behavior of the 
spermatozoa. 

The spermatozoa do not enter the seminal receptacles imme- 
diately after ejaculation has taken place. There is a pause which 
usually lasts two or three minutes or even more, during which 
the cavity of the uterus is packed with spermatozoa while the 
seminal receptacles are entirely empty. This peculiarity was ob- 
served once, and again in the uterus of flies killed after ten or 
eleven minutes of copulation. These results are consistent with 
those obtained by the study of sections of flies preserved at the 
same stage, the spermatozoa being crowded in the uterine cavity, 
while the receptacles and their ducts do not show any sperma- 
tozoon whatsoever. 

The occurrence of this pause suggests that some change must 
take place that causes the spermatozoa to swim actively, for the 
swimming movements are very conspicuous when they enter the 
receptacles in contrast to their almost passive condition while in 
the uterus. This fact points to an influence on the part of the 
parovaria which are the only accessory glands in the female geni- 
talia whose function is obscure. Their bearing on the formation 
of the shell of the egg is very doubtful, the latter being com- 
pletely formed when entering the uterus. Lowne thought that the 
parovaria in the blow-fly furnish the very young odcytes; he 
reached this striking conclusion on account of the presence of 
certain structures in the cytoplasm of their cells which he com- 
pared with the odcyte of mammals since they are surrounded with 
a thin layer resembling the zona pellucida of the mammalian egg. 


As already mentioned these curious structures are also present in 
the parovaria of Drosophila. Lowne’s interpretation is not war- 
ranted by any fact, other than a superficial resemblance, the two 


1 According to Koltzoff, 1908, the spermatozoa of the rhinoceros beetle, 
Oryctes nasicornis, may be kept alive in a 2 per cent. aqueous solution of 
potassium citrate for a week; this observer thinks that their death is caused 
by the growth of bacteria in the fluid rather than through exhaustion. 
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structures being essentially of a different kind. It seems unneces- 
sary to insist here upon this point. The glandular nature of the 
parovaria is the more probable interpretation. 

However, it was not possible to ascertain the kind of influence 
exerted by these glands on the spermatozoa, since all the experi- 
ments to solve this problem had to be carried out in a fluid for- 
eign to the body, which, as stated above, kills the spermatozoa. 
Under such conditions it is hardly possible that the secretion of 
the parovaria may cause any response in already injured ele- 
ments. While the secretion of the parovaria may activate the 
spermatozoa it is still possible that they are concerned only with 
the dissolution of the thick fluid portion of the ejaculate, thus 
removing one of the obstacles which prevent free motion. 

The entrance of the spermatozoa into the receptacles has been 
repeatedly observed by the writer in the living genitalia, for sev- 
eral minutes at a time. Owing to the impermeability of the walls 
of the receptacles and their ducts, the noxious effects of the fluids 
in which the dissections were carried out were not felt at once.’ 
The ventral receptacle is the first to receive the sperm. Since the 
amount of sperm ejaculated usually exceeds the quantity which 
can be stored in the receptacles it is common to see spermatozoa 
which have made their way into the oviduct. As will be pointed 
out later, on account of the position of the egg when passing 
through the latter, it is safe to assume that such spermatozoa do 
not play any role in the fertilization of the first eggs coming into 
the uterus, which very often, and for reasons not well known, are 
sterile. 

At the time of their entrance into the ventral receptacle, the 
spermatozoa in the vicinity of the openings of the parovaria, 
namely, those crowded in the anterior portion of the uterus, 
begin to show strong movements and make their way into the 
receptacle by swimming actively, a stream of them being detected 
along the coils of this organ. When they reach the tip of the 
latter the swimming movements cease, to be replaced by undula- 
tory movements, which decrease in intensity as new spermatozoa 
arrive. After two to five minutes the whole lumen of the recep- 
tacle is packed with sperms. 

When the ventral receptacle is filled with sperms, the same 
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process is repeated in the spermathece. Here it is still easier to 
follow their entrance, for the ducts of these receptacles are very 
thin and transparent. In no case were spermatozoa observed 
entering these receptacles before the ventral receptacle was filled 
with spermatozoa. This might be explained by the position of 
the orifice leading to the latter, which, as already stated, is placed 
a little posterior to the openings of the spermathece, and per- 
haps also by the partial closure of the orifices leading to these 
organs. 

The spermatozoa contained in the seminal receptacles form 
bundles; in the ventral receptacle all the heads are directed 
toward the tip or free end of the organ. In the spermathecz the 
bundles are concentric. 

Once within the receptacles the spermatozoa cease to swim, 
showing only undulatory movements; in this condition they can 
live for many days, even weeks. 


5. THE Ecc AnD Its ENTRANCE INTO THE UTERUS. 


The eggs of Drosophila melanogaster are very small, elliptical 


in shape and bear at one end a pair of diverging appendages 


Fic. 7. Dorsal and lateral views of the egg of D. melanogaster. a, appen- 
dages; c, plate formed by the edge of o, transparent area resembling an oper- 
culum ; m, micropyle cone. 
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whose function is not well known. They probably prevent the 
sinking of the egg when laid on the fermented fruit, thus allow- 
ing the hatching larve to creep over the food without being 
asphyxiated. These appendages (Fig. 7, a) arise from one of 
the surfaces of the egg. For descriptive purposes I will call it 
the dorsal surface since it is applied against the dorsal wall of 
the uterus when the egg is within the latter. 

The end of the egg nearest to the place from which the ap- 
pendages arise bears a conical structure, the micropyle cone (m), 
which is pierced by an extremely narrow canal, the micropyle. 
Observed under higher power, the micropyle cone appears hol- 
low (Fig. 8,.c) with the cytoplasm of the egg (p) penetrating its 


Fic. 8. Ventral and lateral views of the micropyle cone of D. melanogaster 
drawn from the fresh egg. m, micropyle; p, protoplasm of the egg penetrating 
into the micropyle cone. 


interior. The canal or micropyle (m) goes from the tip of the 
cone towards its base and is placed on the side continuous with 
the ventral surface of the egg. The pole of the egg bearing the 
micropyle is always directed toward the anterior end of the ani- 
mal, either when in the ovary (Fig. 3) or when in the uterus 
(Fig. 9). 

In the portion of the dorsal surface in front of the appendages 
there is an area more transparent than the rest of the chorion, 
which could be termed the operculum in the event of the escape 
of the hatching larva through this region of the egg. However, 
this does not always happen, the anterior end of the egg splitting 
rather irregularly and further ventrally than this. The lateral 
borders of the transparent area form a ridge which appears as a 
thin plate at the apex of the egg, passing ventrally the micropyle 
cone. 


1I am indebted for this observation to Dr. A. H. Sturtevant. 
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The outer chorion of the egg shows hexagonal sculpturing pro- 
duced by the hardening of the much flattened follicle cells sur- 
rounding the odcyte during the growth period. This pattern is a 
little less developed in the transparent region described above 
(Fig. 7, 0). 

The passage of the eggs through the oviduct takes place very 


Fic. 9. Lateral view of the uterus containing an egg; this figure was out- 
lined with the camera lucida, the genitalia being in the fresh condition. e, egg 
with the appendages within the oviduct, 4d; f, fertilization cavity; m, micro- 
pyle cone of the egg; o, vaginal orifice; p, parovaria; s, spermathece; «, 
uterus with w’, its vaginal portion; v, ventral receptacle, containing spermatozoa. 


quickly if we judge from the considerable number of egg-laying 
females dissected in which no eggs were present in this duct. 
The actual entrance of an egg into the oviduct was observed only 
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once. Waves of contraction were noticeable in one of the ovaries, 
extending from its tip to the base and caused apparently by the 
contraction of muscle fibers placed in the thin connective tissue 
layer enveloping the organ. At the same time the oviduct ex- 
panded and contracted rhythmically thus bringing one of the eggs 
lying near the entrance of one of the paired oviducts into its 
lumen. The contractions were strong enough to push the egg 
into the oviduct, and probably the process would have gone 
further had it not been for the exhaustion brought about by the 
artificial environment in which the organs were placed. These 
contractions were very conspicuous in the ovaries of all the flies 
dissected, whether laying eggs or not, and may be explained by 
the action of the fluid in which dissection was carried out, or by 
the action of free oxygen on the muscle fibers of the ovary and 
oviduct, which take the place of the nervous stimulus in the liv- 
ing fly. 

The orientation of the egg, when passing through the oviduct, 
is the same as that in the ovary, the micropyle cone being directed 
toward the latter. The egg is about three times as wide as the 
oviduct, which is, therefore, considerably distended when the egg 
is passing through it. 

These conditions make impossible the fertilization of the eggs 
in the oviduct. Since the micropyle is not facing the opening of 
the latter into the uterus, and since the egg is larger than the ovi- 
duct, any spermatozoa, if present, would be pressed aside by the 
passing egg in the event of their penetration into the oviduct. 

The size of the uterus is so well adapted to that of the egg that 
the latter occupies almost entirely its cavity (Fig. 9), the ap- 
pendages remaining within the oviduct (d), thus blocking the wav 
of any spermatozoa that might enter into the latter when the 
sperm is poured out of the seminal receptacles during fertiliza- 
tion. A small space (f) is left in the anterior portion of the 
uterus, between the walls of the anterior pouch and the surface 
of the egg, and in this space swim the spermatozoa coming from 
the seminal receptacles. 

The position of the egg within the uterus is constantly the same 
in all the flies observed, including several females of Drosophila 
obscura. The dorsal surface of the egg, where the appendages 
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arise, is applied against the dorsal wall of the uterus, while the 
opposite surface lies against the ventral wall. The anterior end 
of the egg, bearing the micropyle is lodged in the anterior pouch 
of the uterus; the micropyle cone is directed toward the opening 
of the ventral receptacle, and in some cases seems to be almost 
in contact with it. 

Owing to the size of the egg no space is left between its chorion 
and the wall of the uterus; both of these come in close contact 
thus preventing the spermatozoa from being diverted from the 
anterior pole of the egg, where the penetration of a spermatozoon 
takes place. 


6. THE ExTERNAL PHENOMENA OF FERTILIZATION. 


Under this heading I will consider all the phenomena leading 
to the penetration of the egg by a spermatozoon, the discharge 
of the sperm from the ventral receptacle and spermathece, and 
the way in which the last process is accomplished. The actual 
penetration of the egg by the spermatozoodn’ was never observed 
owing to the lack of transparency in the walls of the anterior por- 
tion of the uterus, which prevents the detection of isolated sper- 
matozoa, and also to the fact that it is very difficult to ascertain 
the moment in which an egg enters into the cavity of the uterus. 

A series of experiments showed that in all probability the first 
spermatozoa used in fertilization are those stored in the ventral 
receptacle, those kept in the spermathece being used later, when 
the contents of the former are exhausted. When planning these 
experiments it was thought that the best way to ascertain the 
facts would be to allow several females to be fertilized and ex- 
amine them at definite periods after which the condition of the 
ventral receptacle and spermathece could be observed by dissec- 
tion. The time chosen for the first lot of flies was seven days. 
The food was changed daily, and the eggs laid counted every day. 
There is, however, an important obstacle, namely, that the rate 
of laying is variable in different females. But this proved to be 
very helpful, for, instead of the ventral receptacle being found 
empty in all the flies, a rough relation between the number of 
eggs laid and the amount of sperm stored in this receptacle was 
found. Ten flies were used in this experiment; two of them died 
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in the first four days, the others laying eggs continuously dur- 
ing the seven days. The flies belonged to the same generation, 
were isolated on the same day, the isolation period prior to mating 
being three days. The number of eggs layed was 470, 336, 335, 
238, 221, 206, 200 and 117. In the female which laid 470 eggs 
only a few spermatozoa could be detected in the ventral recep- 
tacle. In the female which laid the smallest number of eggs 
(117) about two thirds of the ventral receptacle was filled with 
spermatozoa. The amount of sperm present in the ventral recep- 
tacle of the other flies could not be estimated accurately, but de- 
creased noticeably as the number of eggs laid increased. Inspec- 
tion of the spermathece in all of the eight flies showed the 
presence of abundant spermatozoa closely packed; no sperma- 
tozoa were detected along the ducts of these organs. Additional 
dissections of flies killed from twelve to fourteen days after fer- 
tilized proved in all cases the correctness of this view. 

As the ventral receptacle begins to empty its spermatozoa it 
may be seen that the latter are turning around so as to have their 
heads directed toward the opening of the receptacle into the 
uterus. This rotation was very conspicuous in most of the flies 
dissected, the spermatozoa being scattered in the proximal por- 
tion of the receptacle without definite orientation. 

The bulk of the sperm does not go to the immediate vicinity of 
the opening of the ventral receptacle into the uterus when their 
discharge begins, but remains in the free end of the receptacle, 
only a few traversing the empty space which separates the latter 
from the orifice, to be poured into the anterior portion of the 
uterus. The inspection of the initial portion of the receptacle 
showed a few spermatozoa swimming towards the uterus when 


this contains an egg ; the portion of the receptacle near the opening 


is so narrow that only a few spermatozoa can pass at a time. 
Owing to the position of the micropyle in the egg within the 
uterus it was thought that the spermatozoa stored in the sperma- 
thecze might be unable to fertilize any eggs, since the orifices lead- 
ing to these organs are placed in the dorsal wall of the uterus and 
the appendages of the egg come to lie between these orifices and 
the micropyle. Some experiments were carried out in order to 
ascertain this important point. Ten flies were simultaneously 
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mated to males of the same generation, then isolated in vials, the 
food being changed daily. When the first sterile eggs were laid 
by each fly it was dissected and the conditions of the spermathece 
carefully observed. The following table shows the result of this 
experiment, in which the number of eggs laid each day was not 
recorded. 

Taste I. 


Condition of the Condition of the Ventral 


No, of Days Laying. Spermathece. Receptacle, 
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With the exception of fly No. 1, which laid some sterile eggs 
while the spermathecz still retained spermatozoa, all the other 
flies showed no spermatozoa at all. Whether the sterile eggs 
laid by such a fly had received spermatozoa or not is a point im- 
possible to settle. It is possible that the sterility in this case was 
related to intrinsic factors in the egg, rather than to a failure in 
the discharge of the spermatozoa from the receptacles. The ven- 
tral receptacle appeared empty in all of the flies except specimen 
No. 9 which showed a quite irregular behavior in the rate of lay- 
ing. I do not know the causes of the retention of spermatozoa 
in the ventral receptacle of this fly, which appeared entirely 
normal in other respects. 

These results show that all the spermatozoa, whether they are 
stored in the ventral receptacle or in the spermathece, are used in 
fertilization. The presence of foldings in the epithelium lining 
the anterior pouch of the uterus probably plays an important role 
in the fertilization of the eggs by spermatozoa coming from the 
spermathece, since such outgrowths of the epithelium form deep 
grooves along which the spermatozoa may progress until they 
reach the empty space left between the egg and the walls of the 
uterus. 
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Although, as stated above, the presence of sperm in the sper- 
mathece of flies which have been laying eggs for several days 
suggests that the first spermatozoa used in fertilization are those 
stored in the ventral receptacle, which appears empty or contain- 
ing few spermatozoa, still the same conditions may appear if the 
amount of sperm received by the spermathece surpasses by far 
that stored in the ventral receptacle. In other words, the largest 
amount of sperm will last longer, provided that spermatozoa are 
simultaneously set free by all the seminal receptacles. 

Further experiments were carried out with the hope of clearing 
up this point. These experiments consisted in allowing fertilized 
females to lay eggs during a period of six days, and then cross 
them with a mutant which would enable me to recognize the 
hybrids in the F,, without need of testing the offspring. The 
mutant used was the bar-eyed male. Seven flies were used in the 
experiment, which covered a period of eighteen days. The food 
was changed daily and placed in separate vials to allow the eggs 
to develop. 

These experiments showed the following facts: (1) When the 
number of flies produced during the first six days is low, the off- 
spring following fertilization by the bar male consists of hybrid 
and normal females, the males being normal in all the cases. This 
result can be accounted for by the presence of spermatozoa from 
the first copulation in the ventral receptacle where they become 
mixed up with those received during copulation with the bar 
male. (2) When, on the contrary, the number of flies produced 
during the first six days is high, only hybrid females are pro- 
duced during the first days following fertilization by the bar 
male. That is to say, the ventral receptacle was already empty 
of sperm. It was then filled by the sperm ejaculated by the bar 
male, and, therefore, only hybrid females were produced. In 
such a case mixed offspring appear after a few days, when the 
spermatozoa stored in the spermathece begin to be used. 

The results obtained in the second case have been graphically 
shown in the curve of Fig. 10, plotted after the data obtained in 
a female which had produced a large number of flies during the 
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first period. During the first five days after mating to the bar- 
eyed male only hybrid females were produced; at the sixth day 
normal females began to appear. Fortunately this fly was killed 
at a critical moment, when fertilization of the eggs was about to 


stop. Dissection showed that the ventral receptacle and one of 
the spermathece were empty, while a few active spermatozoa 
could be seen moving along the duct of the other spermatheca. 

It is interesting to note that the number of normal females pro- 
duced after crossing with the bar male is smaller than that of the 
hybrid females. This peculiarity, which stands out clearly in all 
the experiments, is due to the fact that the number of flies hatched 
is higher when the parents belong to different mutant races. 

An important point in the mechanism of the discharge of the 
sperm from the seminal receptacles is the influence exerted by the 
egg on the spermatozoa. Whether or not the latter are attracted 
by the egg is a point which could not be determined by the writer. 
Although such an attraction, due to a chemotactic stimulus, is 
possible, we must keep in mind that the same result may be at- 
tained by reflexes set up when the egg enters the uterus, the re- 
lease of the spermatozoa taking place upon dilatation of the ori- 
fices leading to the seminal receptacles. The behavior of the 
spermatozoa in sterile flies would throw some light on this prob- 
lem, showing at least whether their discharge is related to the 
entrance of an egg into the uterus. Such sterile flies are said to 
be rather common in the inbred stocks of Drosophila melano- 
gaster (Hyde, ’14) ; they do not lay eggs, probably on account of 
the abnormal condition of their oviducts. If there is any relation 
between the laying of eggs and the discharge of the spermatozoa, 
such flies not laying any should keep the spermatozoa in their 
receptacles ; otherwise the latter would appear empty after some 
time. Some sterile flies which appeared in the bar-eyed stock 
were given to me by Dr. Morgan, in the hope that this point could 
be settled. Unfortunately such flies could not be mated, the 
males giving up courtship after a short time. Very often a male 

1 The number of flies hatched must not be taken as a fair representation of 
the number of eggs laid. Both males and females may die in relatively large 
numbers during development, either as the result of intrinsic lethal factors or 


of inappropriate environmental conditions. To this is added the sterility of 
some eggs, especially during the first days following copulation. 
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which would readily mate, having been kept isolated in a vial for 
three or four days, becomes discouraged after smelling the poste- 
rior end of the female, where normally a white matter acting as a 
cause of sexual excitement protrudes (Sturtevant, 15). Sterile 
flies usually die after a few days, their abdomens attaining con- 
siderable distension. In the only female dissected the paired ovi- 
ducts lacked a lumen; some four or five eggs had fallen into the 
body cavity by rupture of the ovarian wall, and were entirely 
degenerated, the cytoplasm appearing in irregular clumps. All 
the seminal receptacles, which like the uterus were normal, did 
not contain sperm. 
CONCLUSIONS. 


1. In the internal genitalia of Drosophila melanogaster there 
are only two spermathecz and a ventral seminal receptacle in the 
form of a long, convoluted tube which opens proximally into the 
anterior portion of the uterus, ventral to the oviduct. 

2. The spermatozva after ejaculation into the uterus during 
copulation appear almost motionless, only a few showing faint 
undulatory movements. The ejaculation of the sperm by the 
male is greatly aided throvgh the action of the ejaculatory sac, an 
organ which acts as a pump, driving the sperm at a high pressure 
through the narrow ejaculatory duct. 

3. After ejaculation of the sperm there is a pause which lasts 
two or three minutes, during which the spermatozoa do not show 
active movements. Then they begin to swim actively to enter 
the seminal receptacles. There seems to be an activation of the 
spermatozoa at this moment on the part of the parovaria, two 
glandular structures connected with the anterior portion of the 
uterus by means of narrow ducts. 

4. The ventral receptacle is the first to receive the sperm, which 
is also stored in the spermathece. The spermatozoa form bun- 
dles when in the receptacles. In the ventral receptacle all the 
heads are directed toward the distal end of this organ. The 
bundles are concentric in the spermathece. 

5. The position of the egg within the uterus is constant; the 
surface bearing a pair of divergent appendages is applied against 
the dorsal wall of the uterus. The anterior end of the egg with 
the micropyle is lodged in the anterior portion of the uterus, with 
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the micropyle cone directed toward the opening of the ventral 
receptacle. The appendages of the egg remain within the oviduct 
thus preventing the entrance of spermatozoa into this organ. 
Fertilization of the eggs takes place in the uterus. 

6. The observation of the extirpated internal genitalia in fer- 
tilized flies which had been laying eggs for several days and some 
experiments show that in all probability the first spermatozoa 
used in fertilization are those stored in the ventral receptacle, 
while the spermatozoa kept in the spermathecz are used later. 

7. The influence of the secretion of the parovaria on the sper- 
matozoa and the behavior of the latter when in the vicinity of 
the egg could not be ascertained on account of the injurious 
effects of the fluids in which these experiments were carried, on 
the spermatozoa, which are very sensitive to fluids foreign to 
the body. 
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THE EFFECTS OF CASTRATION OF HEN- 
FEATHERED CAMPINES. 


T. H. MORGAN. 


In the Sebright Bantam I have shown (1913, 15, 17, ’19, ’20) 
that castration changes the hen-feathered male into a cock- 
feathered bird. There is only one type of male in the Sebright 
race—the hen-feathered bird. In a few other races of poultry, 
two kinds of males are known, one hen-feathered, the other 
cock-feathered. Both are fertile, and sometimes one type is 
recognized as the standard, at other times and places the other 
type. It is very probable, from evidence that will be given later, 
that the hen-feathered Campine type is dominant over the cock- 
feathered. This explains why it is more difficult to find a race 
pure for hen-feathering ; because both the males and the females 
of such a race may carry the recessive factor for cock-feathering. 
It is known that many of the stocks, supposed to be hen-feath- 
ered, occasionally “throw” cock-feathered males. Now that the 
cause of this “ reversion” is understood, it should not be diffi- 
cult to produce a race pure for hen-feathering. In fact, even 
the ordinary way of breeding, if combined with a strict selection, 
would in time bring about such a result. 

For several years I have been desirous of performing on such 
a dimorphic race as the Campines the same castration experi- 
ment that had been successful in the Sebrights ; but it was essen- 
tial to find first a stock that was pure for hen-feathering. For- 
tunately the stock of Mr. Martling of Ridgefield, N. J., appears 
to satisfy this condition. I have seen the birds in his flock for 
three years, and in one year all of the juvenile cockerels before 
any selection amongst them had been made. They were all hen- 
feathered with the rare exception of a male that had “ broken,” 
in the sense that a few feathers were changed in the direction of 
cock-feathering. The history of one such bird, to be described 
below, shows that the occurrence of these “breaks” does not 
prove the impurity of such stocks. The statement: of Mr. 
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Fic. 1. Youngest bird (castrated June 16); A, as it appeared on Sept. 9; B, 
on Nov. 12, 1919; and C on Apr. 16, 1920. 
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Martling that such birds later become hen-feathered is further 
and important evidence on this point. 

In May, 1919, I obtained three young cockerels that had hatched 
about the first of March, 1919. The youngest had hatched 
a week later than the other two, and was still in its juvenile 
plumage, although feathers of the next plumage were just begin- 
ning to push out. The bird still peeped. The other, larger birds 
had just begun to crow and had some of their secondary plumage 
fairly well developed in critical regions of the body (back, sad- 
die), and this showed definitely the hen-feathered condition. 
These two birds were castrated on June 16, 1919. The testes of 
both were in the juvenile condition, and were readily removed, 
although a piece of one testis of the larger bird broke off and its 
complete removal was indicated as doubtful. Typical feathers 
from each of these birds are shown in Fig. 2, a, b, c, d, Fig. 5, 


Fic. 2. Feathers of same bird (Fig. 1); a-d, before, and a'-d', after castra- 
tion, Nov. 13. 


a, b, c, d. As the new feathers came in during the following 
weeks and months they showed clearly the effects of castration; 
that is, they were cock-feathered or strongly marked in that 
direction. The younger bird had just begun to develop its sec- 
ond plumage, and as the feathers continued to appear, the first 
of them were hen-feathered in pattern and in shape at the tip 
of the feather, while the base only was affected by the castra- 
tion and showed some of the characters of cock-feathering. 
These results go to show that the young bird also would un- 
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doubtedly have been hen-feathered if it had not been castrated. 
Further details concerning these two birds are seen in the photo- 
graphs of the birds and of their feathers. The appearance of 
the castrated “younger” bird on September 9, may be gathered 
from Fig. 1, A. 

He was obviously becoming cock-feathered at this time, but 
the change was not as great as it became later. The juvenile 
feathers present on June 16 (at the time of operation,) are shown 
in Fig. 2,a,b,c,d. The changes that had taken place by Novem- 


a, b, c, d, feathers of adult hen-feathered Campine (Fig. 8, A), and 
al, bi, cl, di, those of Fig. 1, C, March 13. 


ber 12, are shown in the photograph of the bird (Fig. 1, B) and 
in the pictures of the feathers (Fig. 2, a’, b', c', d'.) The last 
picture of this bird was taken April 16, 1920 (Fig. 1, C). The 
picture shows the long, white neck-feathers, that are almost 
white. The long, white saddle feathers are also well shown in 
the photograph. The tail coverts and the sickle feathers are very 
long and the upper ones are black. Later the sickles became even 
longer. The white shoulder feathers can be seen through the 
neck hackles. The details of the feathers are better shown in 
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Fig. 3, a', b*, c+, d', where they are accompanied by feathers from 
the same region of an adult hen-feathered Campine (Fig. 3, 
a,b, c,d). Taking these in pairs we see that the beautiful bar- 
ring of the saddle feather (Fig. 3, a) gives way in the castrated 


Fic. 4. Second “larger” bird castrated June 16, 1919. A, as it appeared 
Sept. 9; and B, as it appeared March 2, 1920. 


bird to a pointed white feather, black only at its base (Fig. 3, a‘). 
The sides of the outer portions of this feather lack barbules as 
in the common cock. The feathers of the back of the hen- 
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feathered male are also barred; this too is lost after castration 
(Fig. 3, b, b*), when the tip becomes white, more pointed, and 
hackled. The change in the neck feathers (Fig. 3, c, c*) is not 
so striking because they are already somewhat elongated and 
white as in the hen, but after castration they increase greatly in 


length, more in fact than shown by the feathers in the pictures. 


Fic. 5. Feathers of Fig. 4, a, b, c, d, before castration, and a’, b', c*, d', after 
castration on Sept. 15, and a2, b2, c2, d2, on March 3, 1920. 


The feathers of the shoulder (wing-bow), of the hen-feathered 
male are barred with broad bars, Fig. 3, d. After castration the 
barring is lost, the outer ends of the feathers become pure white, 
and on each side barbules are lacking over a broad zone. This 
change, also, is towards cock-feathering as seen by comparing 





Fic. 6. A, third Campine that showed in its first adult feathers indications 
of cock-feathering, Sept. 9. Castrated Sept. 13. B, as it appeared Nov. 12; 
and C, as it appeared on March 6, 1920. 
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Fig. 1, C, with that of the cock-feathered Campine in Fig. 9. 
The bird was killed May 9, 1920. On the right side in the posi- 
tion of the testis there was found a very small piece of testicle- 
like tissue. In addition there were two sacks filled with black 
matter, attached loosely to the mesentery near the old position 
of the testis. 

In this “small” Campine a piece of testis was found, as 
stated, in the situs of the removed testis. The histological struc- 
ture of this regenerating testis is entirely similar to that in the 
regenerating piece of the Campine that was castrated when cock- 
feathers were beginning to appear. The description of the latter 
may serve for that found in the small Campine ; both pieces agree 
in all details: the lutear cells have disappeared entirely and large 
numbers of small lymphocytes are produced in the mesenchyme. 
The spermatogenetic process is normal in the tubules that had 
been left, but the spermatozoa are degenerate. New seminal 
tubules are arising, but they are reduced to the Sertoli cells, no 
spermatogonia being present. 

Besides this piece of regenerating testis there were found dark 
masses of tissue. In these masses there has been an active pro- 
liferation of connective tissue cells, which form strands placed in 
all directions. Some of the cells in this stroma are filled with 
large drops of a fat-like substance. There is an active hema- 
topoiesis in these masses, the large lymphocytes being abundant, 
both within and outside the blood vessels. Large accumulations 
of normal and degenerated erythrocytes occur in the blood ves- 
sels, hence the dark color of the masses. The aspect of the latter 
suggests that they are portions of the degenerated epydidimis, a 
few tubules of the latter being present, although their epithelium 
is almost entirely degenerated. 

The extent to which the second “larger” bird had changed 
by Sept. 9, is shown in Fig. 4, 4. His new back and saddle 
feathers were long and pointed. He continued to become more 
cock-feathered, but his comb began to grow, and it became evi- 
dent that some of the testis had been left. He was opened under 
ether. Attempts were made to remove the pieces, but the opera- 
tion was not successful as shown by the condition of the comb 
which remained large. It was however very pale. The bird 
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was in such poor condition after the second operation that for a 
time it was expected that he would die, but he finally got better 
and lived several months. When the bird was killed a large 
growth of bony substance was found on the left femur that fitted 
into a deep depression in the ribs. Some sort of infection had 
occurred at the region of incision. The photograph shown in 
Fig. 4, B, was taken March 2, 1920. The bird was at this time 
completely cock-feathered as best seen in the feather chart Fig. 
5. Here three feathers from each region are shown. The first 
(a, b, c,d) are those present on June 16, when the first operation 
was performed. They are typical for a hen-feathered bird of 
this age. The change that took place before the second opera- 
tion can be seen from inspection of the second set of feathers 
(a*, b+, ct, d', Sept. 15). The third set of feathers (a?, b?, c?, d?), 
pulled out March 3, 1920, show that no further change had taken 
place; in fact there is some evidence of slight retrogression, 
which is sufficiently accounted for by the continued growth of the 
pieces of the testis that had been left. When killed on May 8, 
there were found three small sacks filled with black material on 
the right side, and one good but small piece of testis on the right 
side somewhat larger than a pea. 

The third bird had been picked out of the flock, because its 
secondary plumage, that was just coming in, showed on the back 
and saddle, marked indications of cock-feathering (Fig. 6 A). 
It was obviously an exceptional bird. It was not operated on 
when the other two were. During June and July, as new feathers 
came in, this bird became more markedly cock-feathered, as seen 
in the photograph taken Sept. 9 (Fig. 6, 4). Nevertheless none 
of the feathers were as fully developed as would be expected in 
a normal cock-feathered male of this race, as seen by comparing 
Figs. 5 and 7. The comb of this bird remained small at first, but 
slowly got larger. It was much paler than the comb of the 
normal hen-feathered males of its race and not quite so large. 
On Sept. 13 the bird was etherized and opened at the side be- 
tween the last pair of ribs as in the ordinary process of castra- 
tion. Both testes in this bird were little advanced beyond the 
juvenile stage, and were not nearly as large as expected in a 
bird of this age and size. In this condition we find, I think, an 
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explanation of the appearance of cock-feathers. Something had 
kept back the normal growth of the testes, and their small size 
was insufficient to entirely suppress the cock-feathering that the 
genetic complex of the bird called for. The testes were sec- 
tioned and studied by Dr. José Nonidez who furnishes the fol- 
lowing report. “ The luteal cells are very abundant in the spaces 


Fic. 7. Feathers of Fig. 6, a, b, c, d, before castration June 17, 1919; a'-d’, 
at the time of castration Sept. 13; and a*-d*, March 2, 1920. 


between the tubules especially in the periphery of the testes. In 
the clusters of luteal cells, however, most of them appear to be 
undergoing degeneration, for, the nuclei are a good deal shrunken 
and the protoplasm has lost its round vacuoles, and is changed 
into a clear space around the nucleus, hence the clear appearance 
of the clusters made up of such degenerating cells. Extreme 
cases of degeneration are found here and there, the nucleus hav- 
ing lost all its structure. On the other hand, normal or nearly 
normal cells are not rare; they are found in clusters containing 
degenerated cells; hence the appearance of the latter can not be 
attributed to defective preservation.” 
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After castration this bird continued, as would be expected 
under any circumstances, to develop cock feathering. Its con- 
dition on Nov. 12, 1919, is shown in the photograph Fig. 6, B. 
The condition of the bird on March 6, 1920, is shown in Fig. 6, 
C. It was completely cock-feathered, but its comb was two 
thirds full size. The condition of the feathers is shown in Fig. 7, 
a*, b?, c?, d*. Before the operation June 17 the feathers were 
intermediate in character (a, b, c, d). The back and saddle 
feathers were somewhat pointed and the barring broken. After 
the operation (Sept. 13) the feathers that came in changed 
completely so that the bird became strictly cock-feathered. On 







Fic. 8. A, normal hen-feathered male nearly one year old from the same flock 
as those operated on; B, Campine hen from Wright’s “ New Book of Poultry.” 


March 2, 1920, the change was complete (a?, b?, c?, d*). The 
bird was killed on March 6, 1920. Three very small pieces of 
testis were found on the right side; none on the left. The comb 
measured three and a half inches long and two inches high. 

Dr. Nonidez has sectioned the pieces of the testes and makes 
the following report. “The histological study of the three small 
pieces found in the region of the old testis showed that they are 
undergoing regeneration. The condition of the seminal tubules 
in these pieces contrasts with that of the tubules in the testes re- 
moved at the time of castration. While in the latter only sper- 
matogonia occur in the tubules, in the regenerating testis the 





- 
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normal spermatogenesis had started and all the stages, from the 
spermatogonia to mature spermatozoa, could be observed in the 
slides. The spermatozoa finally degenerate and this is probably 
due to the lack of an outlet in the organ. New tubules are aris- 
ing near the surface of the section. The clusters of luteal cells, 
however, have apparently disappeared, their place being taken 
by the ordinary connective tissue and an enormous number of 
small lymphocytes which are arising in the intertubular tissue at 
this time. Some of these small lymphocytes become transformed 
into large wandering cells which usually occur in the testis of 


both hen- and cock-feathered birds. The disappearance of the 


Fic. 9. Cock-feathered, normal cock and hen, from Wright's “ New Book of 
Poultry.” 


luteal cells may be accounted for by the failure of this tissue to 
regenerate owing to its more or less abnormal condition at the 
time of castration. If some of the cells found in the sections 
are really luteal cells their numbers are probably too small to 
induce any change in the characteristics of the plumage. The 
relatively large size of the comb in the ‘larger’ bird, on the 


other hand, may be due, even in the case in which a very small 
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piece of the testis has been left, to the influence of a secretion 
other than that produced by the luteal cells.” 

An adult cock of the stock from which my young males came 
is photographed in Fig. 8, 4. For comparison I have introduced 
a figure of a Campine female from Wright’s “ New Book of 
Poultry” Fig. 8, B. Except for the neck feathers, the plumage 
of these two birds is barred throughout. The peculiarities of the 
barring in different regions can best be seen in the single feathers 
(Fig. 3, a-d). 

The tail coverts of the hen-feathered cock are barred and 
longer than those of the hen. In this breed these feathers. are 


Fic. 10. Four feathers from back of a hen-feathered Campine cock of another 
flock. Three of the feathers show indications of cock-feathering. 


not so much kept down as they are in the Sebright. The saddle 
feathers of the hen-feathered male are also fairly long, but broad 
and rounded at the end and are without hackles. The shoulder 
and wing bow are barred and without hackles. 

The cock-feathered Campine male is shown in Fig. 9, from 
Wright’s book. The long white neck feathers, the white back 
and rump feathers (both kinds pointed and with hackles), the 
black tail coverts, and the white shoulder are points in which the 
cock-feathered differs from the hen-feathered bird, and are 
exactly the same features that appear when the hen-feathered 
male is castrated. 

GENERAL CONCLUSIONS. 


It has been shown in the Sebright that hen-feathering is in- 
herited. When crossed to a cock-feathered race (Game Ban- 
tams) all F, birds are hen-feathered, though some of them not 
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as completely so as the Sebright. Still there is no overlapping 
with the cock-feathered type. The F, and the back-cross cocks 
are either hen-feathered or cock-feathered; the former showing 
about the same range of variability as the F, cocks. The failure 
of perfect dominance in some of the F, and F, cocks may indi- 
cate that the heterozygote has a wider range (the gene not com- 
pletely dominant), or that subsidiary genes introduced from the 
cock-feathered birds allow a wider range of variability of the 
character. Only an extended series of experiments can settle 
this point. 

In the Campines also there is evidence that the gene for hen- 
feathering is inherited and dominant. In a paper published sev- 
eral years ago (1914) by the Rev. E. L. Jones, crosses between 
two races of Campines are described, one of them belonging to 
a race (Belgium) in which hen-feathered birds are the recog- 
nized standard, the other (English) belonging to a race in which 
cock-feathering is the standard. The evidence seems to show 


that hen-feathering is dominant, also that there is segregation in 


the back-cross, and in F, as in the Sebrights. There are however 
serious inconsistencies in some of the results that may be ac- 
counted for on the assumption that the hens of the cock-feathered 
race were not pure for the character-pair in question ;—an as- 
sumption that does not seem too improbable, when one recalls 
that the latter, the dominant type, has often been mixed with 
cock-feathered strains. Whether the gene for hen-feathering 
is the same as that in the Sebrights can, of course, only be de- 
termined by crossing the two breeds. From what I have heard it 
appears that in this country the Campines, even when said to be 
pure for hen-feathering, are not so “ fixed” as are the Sebrights ; 
for, the latter do not “break” as do the Campines unless cas- 
trated, while the Campines are reported to show quite often a 
few or many cock-feathers. It is recognized that when sick or in 
poor condition such feathers appear and may be replaced later 
by hen-feathers if the bird recovers. I have some feathers from 
an old bird of another strain, purporting to be pure for hen- 
feathering, that show unmistakable changes in the direction of 
cock-feathers (Fig. 10). At the time the bird had been confined 
and was in poor condition. This difference in the two races 
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might be due to different factors, or, as seems more probable, 
due to the less complete dominance of the gene in the Campines 
(in conjunction with the rest of the hereditary complex). Pos- 
sibly different modifying genes are present that fortify the action 
of the main gene in the Sebright. Further experiments will, I 
hope, settle this question. 

The possible influence of other endocrine secretions must also 
be examined, because in mammals there is some evidence that 
other organs than the gonads may produce effects on the sec- 
ondary sexual characters. Since the pituitary gland is one of the 
internal glands that, par excellence, affects growth, I have ex- 
amined its condition in the three Campines and compared the 
organ with that in one normal hen-feathered bird of the same 
race. In general there is little if any difference in size between 
the pituitary in the normal and castrated birds; but it appears to 
be slightly larger in the castrates, more especially the part in- 
closed in the sella turcica. Since I had only one normal bird for 
comparison, this difference may be purely accidental ; but the ob- 
servation justifies further search on more ample material. More- 
over, accurate measurements of the gland will be necessary 
before any value can be attached to such findings. 

It should be recorded, perhaps, that the kidneys in the smallest 
and most completely castrated bird are reduced in size, but 
whether this bird was abnormal in this respect can not be stated. 

I have not observed any change in the suprarenals in the cas- 
trated birds. 

It is also interesting to note that the removal of the testes 
of cock-feathered birds (to produce capons) causes in them also 
some slight changes in the same secondary sexual characters 
in which they differ from hen-feathered birds. The neck and 
saddle feathers of the capon become longer, as do also the longer 
wing coverts (Goodale, Morgan). It appears, then, that even 
in the cock-feathered birds there is some inhibition to the growth 
of these feathers produced by the normal testis. This inhibition 
may be supposed to go so far in the hen-feathered races as to 
completely stop down the male plumage to that of the hen. The 
plumage of the hen, too, is known to be inhibited by the ovary; 
for, when the ovary is removed she develops the full cock- 
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feathering characteristics of the male of her race (Goodale). 
Elsewhere I have discussed how these effects are brought about 
—whether the same kinds of secreting cells are present in the 
ovary and in the testes of the hen-feathered males. This ques- 
tion is being further studied at present and need not be consid- 
ered here. 

The comb and wattles are the most remarkable secondary 
sexual characters of the cock. Their condition is a close index 
of the condition of the gonad. In fact, after castration their size 
and the amount of blood present in them indicates how far 
the gonad has been removed. Even a very small piece of the 
testis suffices to cause them to grow to their full size. This is 
well shown in the pictures of two of the Campines described 
above, in which the comb became reduced shortly after the opera- 
tion, and then slowly grew almost to its full size in the course of 
the following months. Its paleness showed, however, that the 
testes were not normal in size, and this was confirmed by autopsy. 
When the birds were killed a small piece of the testis was found. 
In the hen, too, it appears that the ovary has an inhibitory influ- 
ence on the comb and wattles; for, as Goodale has shown they 
become larger in the ovariotomized birds. Since the testes of 
the normal full-grown cock-feathered bird seem deficient, or 
lacking in luteal cells (Boring and Morgan) it may appear that 
these cells do not produce the endocrine secretion that affects 
the comb, although if it can be shown that they do not completely 
disappear even in adult cock-feathered birds it may be that a 
much smaller amount of this secretion than is essential for sup- 
pressing the cock-feathering suffices to cause the enlargement of 
the comb and wattles. But if, as is said to be the case, the luteal 
cells disappear entirely in the adult cock-feathered bird, then 
there must be some other element in the testis that maintains the 
comb and the wattles at their maximum size. Here again is a 
further field for investigation. 


BIBLIOGRAPHY. 
Boring, Alice M. 
"12 The Interstitial Cells and the Supposed Internal Secretion of the 
Chicken Testis. Brox. Buxy., XXIII. 





EFFECTS OF CASTRATION OF HEN-FEATHERED CAMPINES. 247 


Boring, Alice M., and Pearl, Raymond. 
’17 Sex Studies, IX. Interstitial Cells in the Reproductive Organs of the 
Chicken. Anat. Record, XIII. 
—, Alice M., and Morgan, T. H. 
"18 Luteal cells and Hen-feathering. Jour. Gen. Physiol. I. 
Goodale, H. D. 
’10 Some Results of Castration in Ducks. Bron, Butt., XX. 
10 Breeding Experiments with Poultry. Proc. Soc. Exp. Biol. and Med., 
VIL. 
’1r Studies in Hybrid Ducks. Journ. Exp. Zodél., XX. 
"13° ~Castration in Relation to the Secondary Sexual Characters of Brown 
Leghorns. Am. Nat., XLVII. 
16 A Feminized Cockerel. Journ. Exp. Zodél., XX. 
*16 Gonodectomy. Carnegie Inst. Wash. Pub. No. 243. 
Hunter, John. 
1780 Account of an Extraordinary Pheasant. Phil. Trans. Royal Soc. Lon- 
don, LXX. 
Jones, E. L. 
"14 The Campine Club, 1914, Year Book (see also Farm Poultry, June, 
1914, Pp. 113). 
Lefevre, G. 
’16~17. Sex-limited Inheritance in Poultry. Anat. Record, XI, p. 499. 
Morgan, T. H. 
"13° Heredity and Sex. New York. 
’15 Demonstration of the Appearance after Castration of Cock-feathering 
in a Hen-feathered Cockerel. Proc. Soc. Exp. Biol. and Med., XIII. 
’17_ The Theory of the Gene. Amer. Natur., LI. 
"17. Goodale’s Experiments on Gonadectomy of Fowls. Sci., XLV. 
’17. Demonstration of the Effects of Castration of Sebright Cockerels. 
Proc. Soc. Exp. Biol. and Med., XV. 
19 The Genetic and Operative Evidence Relating to Secondary Sexual 
Characters. Carnegie Inst. Wash. Pub. No. 28s. 





THE EFFECTS OF LIGATING THE TESTES OF 
HEN-FEATHERED COCKS. 
T. H. MORGAN. 
It has been shown that when hen-feathered males of certain 
races of poultry (Sebrights, Campines) are castrated the new 
feathers have the characteristics of the cock-feathered males. 


The operation of castration is dangerous for adult birds with 


large testes because the birds often die from hemorrhage from 


Fic. 1. Sebright whose testes had been tied off September 29, 1919; the pho- 
tograph was taken April 8, 1920. 


the spermatic blood vessels, yet in order to be certain that a 


cockerel is going to be hen-feathered it is necessary (except when 
races pure for hen-feathering are used) to operate on adult 
birds. As these are often too valuable to risk the chances of an 
unsuccessful operation I have tried to find out whether the same 
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end results may not be obtaingd by ligating the testes. If a silk 


thread is tied tightly around the attachment of the testis to the 


Fic. 2. Original feathers of Fig. 1, a, b, c, d; new feathers ac’. 


body wall, thus cutting off the circulation to and from the testis, 
the organ degenerates and in a short time is absorbed. In order 


Fic. 3. Hen-feathered, back-cross, “ Lamey.” 
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that the results shall be clean cut it is necessary that the entire 
testis be included in the ligature, for, if even a small piece is left, 


it may subsequently enlarge and make the outcome less complete. 


Fic. 4. Original feathers a—e of Fig. 3, and later feathers, a’—e', a*—e’ 
4 g g. ; 


July 7, September 17, and March 13, 1920. 


> a’—e’, 


In fact, as the following cases show, only one case of the four 
was completely successful, although all of the other three cases 


Fic. 5. Same as Fig. 3, after ligation, March 2, 1920. 


were sufficiently successful to cause some change in the plumage 
in the direction of cock-feathering. 
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The first bird was a pure Sebright male more than a year old. 
It was a typical bird of its race, i.e., it was completely hen-feath- 
ered. This bird had been used in an experiment a month earlier 
to induce beri-beri, but had fully recovered. I had seen a state- 
ment in Science that young chicks are peculiarly susceptible to a 
lack of vitamines in their food and that beri-beri can be induced 


Fic. 6. Hen-feathered, back-cross, rose comb, No. 270, June, 1919. 


by a diet free from or low in vitamines. The possibility that the 
testes might also be affected by such a diet, and cause a change 
in a hen-feathered male of the same kind as that brought about 
by castration suggested the experiment. Two hen-feathered 
cocks were used. Both were fed on white rice for five weeks. 
No changes were observed to take place in their combs. Sud- 
denly the effect of the diet became apparent, and in the course of 
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two days the birds almost died. They lay on the floor of the 
cage with their muscles convulsively contracted. They were im- 
mediately fed on milk by means of a pipette and later on bread 
and milk. In the course of a week they had completely recov- 
ered. At the time of the operation, a few weeks later, they were 
active and very healthy-looking birds. 

The testes of the Sebright were tied off on Sept. 29, 1919. A 


few feathers from typical regions were pulled out and are shown 


Fic. 7. Original feathers, a—d of Fig. 6; and later feathers, a’—d', November 


15, and al—d2, March 15, 1920. 

in Fig. 2, a, b, c, e. By Oct. 24 the new feathers had begun to 
come in. They were typical cock-feathers. When the last photo- 
graph was taken, Fig. 1, April 8, 1920, the bird had changed over 
almost completely to cock-feathering. The comb was small; not 
more than a third its original size. The extent to which the 
change had taken place is best shown in the feather-chart, Fig. 
2, a’-e’, where one of each of the original kinds of feathers is 
placed side by side with the new feather from the same region. 

The second bird operated upon, called “ Lamey,” Fig. 3, was a 
yellow, back-cross, hen-feathered cockerel, one year old. Its 
testes were ligated in May, 1919. It went over towards cock- 
feathering during the summer (July, 7), as shown by the feather- 
chart, Fig. 4, a’, b', c*, d*. Both the old and the new feathers 


were present at this time and one of each from typical regions 
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is shown beside the other. As the change had not gone as far as 
expected, had the ligation been entirely successful,’ the bird was 
opened on September 17. Its feathers at this time are shown in 
Fig. 4, a, b?, c?. Pieces of the testes were found present and an 
attempt to remove them was made. During the winter the bird 
showed somewhat further changes in his plumage as new feathers 
developed. On March 13, 1920, he appeared as shown in Fig. 5. 
The condition of his feathers is shown in Fig. 4, a’, b*, c®, d’. 


Fic. 8. Same bird as Fig. 6, November 15. 


These show that the change had gone much further, as the smaller 


size of the comb would lead one to expect. He was killed on 
March 17, and examined. On the left side there was a small 
piece of testis about one fourth inch in diameter. On the right 
side there was a chain of very small pieces of testis. The comb 
measured two inches in length and one fourth inch in height. 
The wattles measured three quarters of an inch in diameter. 
The third bird, (No. 270), was a rose comb, back-cross, hen- 
feathered cockerel, a year old (Fig. 6). The bird looked some- 


1 The condition of the comb showed that some testicular tissue remained. 
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what like a Sebright, but the yellow centers of the feathers were 
much mottled making the general effect of the plumage darker 
than that of the Sebright. Ligatures were put around the testes 
on July 10, 1919, but unfortunately one of them did not com- 
pletely encircle the end of one testis, so that a piece was con- 


Fic. 9. Hen-feathered, back-cross, single comb, No. 62. 


stricted off. This piece was left in position at the time. The 
feathers that came in (Sept.) underwent very little change, the 
centers becoming somewhat clearer, Fig. 7, a\-d'. The presence 
of a large comb made it certain that a considerable amount of the 
testes had remained active. On opening the bird (Nov. 15), no 
pieces of the left testis were found. On the right side there was 
a testis highly vascularized, attached to the body wall. It was 
removed and after the operation the comb became smaller; but 
after a while began to grow, until by March 8, it was quite large 
again. The bird might still be said to be almost completely hen- 
feathered (Fig. 8). It was killed and opened on March 17, 1920. 
On the left side was found a large, detached piece, berry-like in 
appearance, undoubtedly a regenerated testis. On the right side 
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a testis appeared almost normal in size. The comb measured 
one and a half inches high, and two and three quarters inches 
long. It is evident that the failure to change over except to a 
very small extent was due to the failure of the operation. 

The fourth bird, No. 62, was a yellow, back-cross, single comb, 
hen-feathered cock, Fig. 9. Its testes were ligated on July 10, 


Fic. 10. Same as. Fig. 9, November 15. 


1919. He showed at first some effect of the operation, but his 
comb soon began to enlarge again. On November 15, he was 
still hen-feathered (Fig. 10). A comparison of the feathers of 
July 10 with those of November 15, Fig. 11, a, a', b, b+, etc., 
shows little change. When opened at this date no trace of the 
testis was found on the left side. On the right side a large piece 
of testis-like tissue was present in a sheath tightly adherent to 


the body wall. It was opened and some very loose tissue( ?) 


taken out. This was preserved for examination and the bird 
was closed up. It was kept alive until March 15. Its feathers 
at this time are shown in Fig. 11, a*, b?, c?, d?. The comb was 
large and the bird appeared to be nearly hen-feathered. It was 
killed and examined. On the left side there were two small 
pieces of testis which together were no larger than a pea. On 
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the right side there was an almost complete organ. The comb 
was large, measuring half an inch in height and two inches in 
length. Each wattle was one inch across. The condition of the 
testes accounts for the failure of the bird to change over. 

These few experiments suffice at least to show that it is pos- 
sible to cause the total degeneration of the testis if ligation is suc- 
cessful; and further that unless the testes are entirely removed 
the complete change-over to cock-feathering does not take place. 





Fic. 11. Original feathers, a-—d, July 10, and later feathers November 15, 
ai—d1, and March 15, a?-d2. 


They also show, however, that some change in the direction of 
cock-feathering will take place if some of the testis is removed, 
and the amount of the change is roughly proportional to the 
amount of testis present. The comb is a sure index of the 
amount of the testes left. It appears that a smaller amount 
of the testis suffices to keep the comb at or near its normal size 
than to keep the feathers true to type for hen-feathering. For 
a complete change to cock-feathering it is essential that,all of the 
testis be removed. These results accord fully with the results 
that I have obtained by castration. The chief significance of the 
results is to show that adult birds can be successfully used if 
ligating is employed instead of castration. 











THE GENETIC FACTOR FOR HEN-FEATHERING IN 
THE SEBRIGHT BANTAM. 


T. H. MORGAN. 


Crosses between Sebrights and Game Bantams had shown 
that the dominant gene for hen-feathering is inherited as an 
alternative to cock-feathering, but the number of F, and back- 
cross cocks that were obtained was too few to settle the ques- 
tion whether one or two pairs of genes for hen-feathering were 
involved. The situation has been recently discussed in my paper 
on “ The Genetic and Operative Evidence Relating to Secondary 
Sexual Characters,” Carnegie Publication, No. 285, 1919. I am 
now able to add a small amount of new data to that previously 
recorded, although I regret that even the combined data still do 
not show clearly whether one or two factors for hen-feathering 
are involved. 

During the summer of 1919, I back-crossed four hens (out of 
Game by Sebright) to a pure Game Bantam cock bought from 
the same breeder from whom the other Games had come. The 
chicks were hatched in June and July, 1919, and the following 
records were made on March 22, 1920, when the new birds had 
fully attained their adult plumage. 

Five of the cockerels were hen-feathered, and three were cock- 
feathered. There was no difficulty in separating the cockerels 
into two classes. Only one bird fell within the group of hen- 
feathered cocks that in my previous paper I sometimes spoke of 
as “intermediate.” This means only that some of the back and 
saddle feathers were more pointed than are those of pure Se- 
bright cocks. Their ends may show on each side of the tip a 
narrow edging lacking barbules. Previously the same back-cross 
gave two hen-feathered and seven cock-feathered males. The 
two records together give, therefore, 7 hen-feathered and 10 
cock-feathered males. 

For a single factor-difference the expectation for 16 birds 
would be 8 hen-feathered and 8 cock-feathered birds. The num- 
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bers obtained are in fair agreement with this expectation. If 
two factors are necessary for hen-feathering, the back-cross ex- 
pectation would be 4 hen-feathered to 12 cock-feathered birds, 
which differs so much from the results obtained that the assump- 
tion of a single factor-pair seems the more probable. 

In former years I have obtained 127 F, offspring from the 
above cross of Sebright by Game Bantam and its reciprocal. 
These have been recorded in the Carnegie paper (Table I., page 
19). There were 55 males in the records. If a single pair of 
not-sex-linked genes was involved in the cross, the expectation in 
F, would be, three cock-feathered males to one hen-feathered 
one. If two pairs of genes were involved either one of which is 
sufficient for the development of hen-feathering the expectation 
in F, would be 9 to 7; if both are necessary the expectation is 15 
to 1. There were 29 hen-feathered, and 26 cock-feathered birds. 
It was pointed out that these data seem in better agreement with 
a two-factor pair, than with a one-factor pair assumption. But, 
as pointed out above, the old and the new data combined for the 
back-cross, appear to fit better the single factor pair assumption. 

There is one other possibility that may be considered. If 
there is one dominant factor, D', for hen-feathering in the Se- 
bright, and a modifier that intensifies the action of D*, but alone 
or in duplex does not produce hen-feathering, the expectation 
for F, is 12 to 4, and for the back-cross 1 to1. The former ratio, 
which is of course the 3 to 1, does not fit the case any better than 
one factor alone, although it might help to explain the inter- 
mediate type of male, as due to the presence of a normal allelo- 
morph of the intensifier. 


Color Inheritance in the Cross of Sebright to Game. 


It is now possible to add a few more cases to the data for color- 
inheritance. Four back-cross hens were reared (1919), that fall 
in the former classes (Carnegie Publication, No. 285, pages 
19-20) B, G, A, A. One of the four is almost exactly like the 
game-hen. The cockerels fall into the classes, B, G (or H), S, 
S, 3, &, B. 

Of these 11 back-cross birds two were almost exactly like the 
game (one female, one male). For two pairs of color factors, 
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the game type is expected in the back-cross in one fourth of the 
classes, i.¢., in 3 out of 12, which agrees fairly well with the re- 
sults. For three factors for color, the game type is expected in 
the back-cross once in eight times. The numbers are too small 
to be decisive for either case, but as pointed out before, the main 
color difference between the two races .may not be more than 3 
or less than 2 factor-pairs. 

In the earlier experiments one game appeared in F, out of 49 
females, which is somewhat favorable to the assumption of three 
factor-pairs. The new data are not sufficient in amount to settle 
the question between two or three factors, but the latter is per- 
haps somewhat more probable. 


Proof that the Character for Hen-Feathering is not Sex-Linked. 


The proof that the factor (or factors) for hen-feathering in- 
volved in this cross is not carried by the sex-chromosome can 
not be deduced from the evidence of the F, males in the cross 
and its reciprocal, for, both the F, males would get a Z chromo- 
some from each parent, and therefore would be alike in both 
cases. But in the F, generation the proof is given, for when the 
cross is made one way, only hen-feathered males are expected, 
and when made the other way (reciprocal) one hen-feathered to 
one cock-feathered male is expected, if the gene concerned is 
sex-linked. The F, results in both crosses show, however, both 
hen-feathered and cock-feathered males; hence the factor (or 
factors) involved is shown not to be carried in the sex-chro- 
mosomes. 
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